Objective: Prolonged exposure to large/small bodies causes aftereffects in perceived body size.
) and more recently for high-level aspects (e.g., the identity of faces, the size, and shape of bodies; Clifford & Rhodes, 2005; Webster & MacLin, 1999) .
In bodies, exposure to narrow (wide) body shapes causes subsequently viewed bodies to appear wider (narrower) than they are.
Hence, there is a change in the body width that is perceived to be normal (also known as the point of subjective normality [PSN] ) toward the adaptation stimulus Challinor et al., 2017; Sturman, Stephen, Mond, Stevenson, & Brooks, 2017) . These body size aftereffects have been shown to transfer across identities . For example, adapting to contracted or expanded others' bodies distorts the perception of one's own body size, supporting the suggestion that this effect could explain the effect of exposure to idealised bodies in media on perception of one's own body as seen in a mirror.
While visual adaptation may underlie BSSM, it remains unclear why some individuals develop BSSM whereas others with a similar visual diet do not. One potential explanation is that individuals direct attention to the bodies around them differently, with those who preferentially fixate on low (high) adiposity bodies being more vulnerable to perceiving their body as higher (lower) adiposity than it is (Challinor et al., 2017) .
Covert visual attention has been found to enhance the strength of a number of low-level aftereffects. By instructing participants to preferentially attend to one of two simultaneously-presented gratings tilted in opposite directions, Spivey and Spirn (2000) , found that the magnitude of the direct tilt aftereffect was greater in the attended location. Similarly, directing attention to one of two simultaneouslypresented sets of dots moving in opposite directions causes subsequently-presented dots to appear to move in the opposite direction to the attended dots (Arman, Ciaramitaro, & Boynton, 2006) , whereas distracting attention from the moving dots reduced the magnitude of the motion aftereffect (Rezec, Krekelberg, & Dobkins, 2004) .
Recently, research has begun to address the effect of attention on higher-level visual aftereffects. Rhodes et al. (2011) found that directing attention toward adapting face stimuli enhanced the magnitude of figural distortion aftereffects. Stephen, Sturman, Stevenson, Mond, and Brooks (2018) found that individuals who are less satisfied with their bodies tended, without instruction, to preferentially fixate on low compared to high adiposity bodies, and show a corresponding increase in perceived normal body size. This suggests that the direction of overt visual attention toward low versus high adiposity bodies may help to explain why some individuals experience BSSM whereas others do not, and suggests that correcting attentional biases may have value in reducing BSSM. Here, we examine whether body size adaptation effects may be experimentally manipulated to induce changes in participants' perception of normal body size, by instructing participants to direct their attention toward the lower or higher adiposity of two simultaneously-presented bodies.
Greater discrepancy between one's perceived and ideal body weight has been associated with increased BD (Halliwell & Dittmar, 2006) , and exposure to images of small (large) bodies has been associated with a reduction (increase) in women's ideal body weight (Boothroyd, Tovée, & Pollet, 2012) , and attending to thin idealised bodies has been associated with increased negative mood (Dondzilo, Rieger, Palermo, & Bell, 2018) . Exposure to thin bodies during body size adaptation experiments is associated with decreases in the PSN of participants, causing subsequently-viewed own and others' bodies to appear larger than they really are , thereby increasing this self-ideal discrepancy. It may be predicted, therefore, that increased attention to low (high) adiposity bodies may increase (decrease) BD.
Here, in a paradigm in which low and high adiposity adaptation body stimuli are presented simultaneously, we instructed participants to attend to either low or high adiposity body images, and examined whether participants' PSN and BD change in response. It is hypothesized, first, that participants attending to low (high) adiposity body images will show an adaptation effect such that their PSN will become lower (higher) adiposity; and second, that participants attending to low (high) adiposity body images will show an increase (decrease) in BD.
| METHOD
All aspects of the study were approved by Macquarie University Human Research Ethics Committee. All participants gave prior, informed consent in writing.
| Participants
Power analysis was conducted using G*Power v3.1.9.2. Sixty-one female Caucasian participants between 18 and 30 years old (M age = 20.07, SD = 2.41) were recruited as participants for the perceptual task, giving 80% power to detect small-medium sized effects. Participants were friends and family of the researchers and undergraduate students, and were compensated for their time with AU$10 or course credit. All were naïve as to the details of visual adaptation and the aims of the experiment.
| Materials

| Stimulus acquisition
Photographs of 128 female Caucasian participants were obtained from Stephen, Bickersteth, Mond, Stevenson, and Brooks (2016) . The photographs were taken under standardized conditions, and showed women posed in a standardized anatomical position, wearing tight fitting standard grey singlets and shorts (Figure 1 ). Participants wore no makeup or jewellery and maintained a neutral facial expression. Participants also had their height measured with a measuring tape, and weight, body fat and body muscle measured using a Tanita SC-330 body composition analyser, using bioelectrical impedance (Jebb, Cole, Doman, Murgatroyd, & Prentice, 2000) . Twenty-five photographs of participants whose body fat and muscle scores were less than 1 standard deviation from the mean (mean BMI = 22.48, SD = 2.32) were selected for use as stimuli.
| Test stimuli
Apparent adiposity of test stimuli was manipulated using Psychomorph (Tiddeman, Burt, & Perrett, 2001 ; following Sturman et al., 2017) to form a series of 13 frames (labeled 0-12), in which frame 0 was reduced by 12 kg of apparent fat mass, increasing in equidistant increments through the original (frame 6) to frame 12, which was increased by 12 kg of apparent fat mass. This is equivalent to a change of AE5 BMI units for a typical 165 cm woman, meaning that the low and high adiposity stimuli had a BMI of approximately 17 (in the underweight range) and 27 (in the overweight range), respectively. Manipulations of this magnitude have previously been successful in producing body size aftereffects Sturman et al., 2017) . This technique allows apparent adiposity to be varied whilst maintaining identity cues (Figure 1 ). Each image was formatted to 900 × 600 pixels (21.49 × 15.24 of visual angle). The face of each image was obscured with a black square (100 × 100 pixels; 2.54 × 2.54 of visual angle), and the background was rendered a constant grey.
| Adaptation stimuli
Frame 0 from each identity's transform was used as the low adiposity, and frame 12 as the high adiposity adaptation stimulus. Each adaptation body image was rendered 25% smaller than the test stimuli by resizing to 675 × 450 pixels (11.43 × 16.12 ), to reduce the potential contribution of low-level, retinotopic aftereffects to the results (Afraz & Cavanagh, 2009; Brooks, Clifford, Stevenson, Mond, & Stephen, 2018; Glauert, Rhodes, Byrne, Fink, & Grammer, 2009; Gwinn & Brooks, 2013 Kloth & Rhodes, 2016; Storrs & Arnold, 2015; Zhao & Chubb, 2001 ). An adaptation stimulus consisted of the low (frame 0) and high (frame 12) apparent adiposity versions of a single identity, randomly assigned to different sides of the screen (see Figure 2 ). Two versions of each adaptation stimulus were produced:
one in which the high adiposity body appeared on the left of the screen and the low adiposity body on the right, and one in the reverse configuration. For each configuration, two versions were produced:
one in which the high adiposity version of the body was manipulated to appear to be wearing blue clothing (using the hue/saturation tool in Adobe Photoshop CC v2015.5 to set the hue of the clothing to 240 and saturation to 70) and the low adiposity version appeared to be wearing yellow clothing (hue 60 and saturation 70), and one with the reverse. This color manipulation technique maintains shading cues, such that topographic information about the body is maintained.
These color values were chosen because they are easy to distinguish, and correspond to colors the names of which all participants could be expected to recognize. The other pair of colors that meet these criteria, red and green, are less well suited for this purpose because people with the most common forms of color-blindness find them difficult to distinguish, and because there is evidence that red clothing influences social perceptions of the wearer, such as attractiveness (Elliot & Niesta, 2008) .
| Body manipulation tool
A Matlab program enabled participants to manipulate the test stimuli along the dimension of apparent adiposity by cycling through the 13 frames. The mouse pointer was invisible and the starting frame was randomized each trial to reduce the chances of participants identifying the midpoint of the transform .
| Tobii T120 eye tracker
A Tobii T120 eye tracker was used to record participants' eye movements. Both eyes of participants were tracked at a data sampling rate of 120 Hz with high accuracy (0.5 ) and drift compensation (less than 0.3 ). Participants were seated with their eyes approximately 60 cm from the Tobii eye tracker, which is a 17 in TFT monitor with a screen resolution of 1,280 × 1,024 pixels (Tobii Technology, 2010).
| BD questionnaire
BD was measured using a modified, 16-item version of Pingitore, Spring, and Garfield's (1997) body shape satisfaction scale, such that 
| Procedure
Participants were randomly assigned to one of four adaptation attention conditions; low adiposity blue, high adiposity blue, low adiposity yellow, or high adiposity yellow. The testing procedure consisted of three blocks; practice, baseline, and adaptation. Test and adaptation images were presented in Matlab ® version 8.3 (R2014a) using Psychophysics Toolbox Version 3 (Kleiner et al., 2007) , and were displayed on the screen of the Tobii T120 eye tracker. The BD questionnaire was completed both before the practice phase and after the adaptation phase of the study.
| Practice block
Participants were instructed that horizontal mouse movements manipulated the appearance of the bodies. Three practice identities were randomly selected from the pool of possible test stimuli. For each identity, they were told to manipulate the body image and click the mouse button when it represented a "normal sized body." This established the PSN for the identity being viewed. This process continued until all three practice identities had been rated. PSN data were not recorded during this practice phase.
| Baseline
Following the practice phase, 10 identities were randomly selected from the remaining test identities. Participants were instructed to manipulate each identity until it represented a "normal sized body."
The frame chosen was recorded with each mouse click.
| Adaptation
Participants received 2 min of adaptation, during which they were presented with 8 adaptation stimuli, which were different identities to the test stimuli. Each of these adaptation stimuli were presented on the screen for 15 s. Participants were instructed to attend to the body dressed in clothing with the color associated with their condition (i.e., if the participant was in the low adiposity yellow condition, she was instructed to attend to the bodies dressed in yellow, which were all low adiposity, and so on). Participants were directed to attend to the bodies by color and not by size to avoid revealing the purpose of the study.
Following the 2 min of adaptation, participants completed a series of 10 body manipulation trials similar to those in the baseline phase, using the same 10 identities. To maintain adaptation, participants were exposed to a "top-up" adaptation stimulus, displayed for 6 s, following the manipulation of each test identity.
| Data processing and analysis
The eye tracker recorded the total number and total duration of fixations on areas of interest containing the high and low adiposity bodies during the presentation of adaptation stimuli. Areas of interest were rectangular regions drawn to be the same size for both high and low adiposity bodies to ensure that arms and legs, but not blacked out heads, were included in the area of interest, and to ensure that results were not biased by different sized areas of interest for high and low adiposity body stimuli. The percentage of fixations and percentage of fixation duration that was on the low adiposity body (compared to the high adiposity body) for each participant was calculated from these values. Fixations were defined as series of consecutive samples falling within a 1.78 × 1.78 cm box, with a minimum fixation duration of 100 ms (Gitelman, 2002) .
Baseline PSNs were calculated for each observer as the mean adiposity chosen as normal across the trials in the baseline phase. Adaptation PSNs were calculated for each observer as the mean adiposity chosen as normal across the trials in the adaptation phase. Change in PSN (ΔPSN) was calculated by subtracting the baseline PSN from the adaptation PSN, such that a negative (positive) value indicates that the body adiposity perceived as normal has decreased (increased) from the baseline to the adaptation phase.
Total BD was calculated at baseline and after adaptation. Change in BD (ΔBD) was calculated by subtracting baseline BD from adaptation BD, such that a positive (negative) value of ΔBD indicated an increase (decrease) in BD from the baseline to the adaptation phase.
Four participants' data were excluded from BD analyses because of their failure to answer, or responding "prefer not to answer" to at least one item in the BD questionnaire.
To determine whether participants fixated significantly more often and for a longer duration on their assigned stimuli, one-sample t-tests were performed on the percentage of frequency and duration of adaptations directed toward thin versus fat bodies, separately for each condition. Eye tracking data failed to record for one participant, and her data were excluded from analyses involving eye tracking variables.
To determine whether the magnitude and direction of visual aftereffects and ΔBD differed depending on the attention condition, two 2 (attention condition; low or high adiposity) × 2 (time; baseline, or adapted) mixed ANOVAs were performed on PSN scores and BD scores, separately. Separate one-sample t-tests were used to determine whether participants in the high and low adiposity attention conditions experienced significant visual aftereffects, and changes in BD.
3 | RESULTS
| Paradigm checks
Participants in the low adiposity attention condition (n = 31) looked at low adiposity bodies significantly more frequently than at the high adiposity bodies (Mean fixations on thin bodies = 87.74%, SE = 1.90), t Independent samples t-tests showed no significant difference in the % of fixations, t(58) = 0.528, p = .599, d = 0.14 or % duration of fixations, t(58) = 0.457, p = .649, d = 0.12, directed to the stimuli to which they were instructed to attend between the high and low adiposity attention groups. Two participants in the high adiposity attention condition (none in the low adiposity attention condition) directed more than 40% of their fixations at the wrong bodies. However, excluding them did not affect the pattern of results, and all results are reported with them included.
Although color was counterbalanced across observers, independent samples t-tests were performed to test for any difference in ΔPSN or ΔBD between the two color conditions, for high and low adiposity attention conditions separately. No significant differences were found (all ps > .216).
| Visual aftereffect
In the 2 × 2 mixed ANOVA, as expected, the main effect of time was not significant, F 1,59 = 1.18, p = .281 η p 2 = 0.02. However, a significant main effect of attention condition was found, F 1,59 = 7.76, p = .007, at low compared to high adiposity bodies perceived lower adiposity bodies to be normal, and vice versa.
| Body dissatisfaction
For the 2 × 2 mixed ANOVA, no significant effect of time, 
| DISCUSSION
We hypothesized that participants who were instructed to direct their visual attention toward the lower (higher) adiposity of pairs of simultaneously-presented bodies would experience visual adaptation such that their perception of "normal" body size would become lower (higher) adiposity, and that their level of body satisfaction would decrease (increase). A medium-large effect on visual adaptation was found, but the effect on BD was very small and not statistically significant.
Participants who were instructed to direct overt visual attention to low (high) adiposity body stimuli showed a medium-large visual adaptation effect, such that their PSN became lower (higher) adiposity. This is in line with previous studies showing visual adaptation to low (high) adiposity bodies presented in isolation Sturman et al., 2017; Stephen et al., 2016) . This is also in agreement with a previous study showing that, when participants are presented with low and high adiposity adaptation stimuli simultaneously, and are allowed to view freely, the amount of time that participants spend fixating on low versus high adiposity bodies predicts the magnitude and direction of the adaptation effect .
Here, we extend this finding, demonstrating that the direction and magnitude of the body size adaptation effect experienced by participants can be experimentally manipulated by instructing participants to direct their visual attention to the high or low adiposity bodies, adding support to the hypothesis that interventions encouraging the direction of visual attention to a more representative range of bodies may help to reduce BSSM.
Our results are in line with previous studies demonstrating that covert visual attention increases the magnitude of low-level visual aftereffects, including the direct tilt aftereffect (Spivey & Spirn, 2000) and the motion aftereffect (Arman et al., 2006) . While there have been null results in previous studies examining whether attending to different aspects of the stimuli affects the direction or magnitude of face race (Davidenko, Vu, Heller, & Collins, 2016) or body adiposity aftereffects, it is important to note that these studies refer to featural attention (attending to different aspects of a stimulus, such as the gender vs. the adiposity of bodies), whereas the current study examines visual attention (directing attention toward different stimuli, such as high or low adiposity bodies). While it is possible to direct covert attention to a nonfixated part of the visual field (Spivey & Spirn, 2000) , visual fixations are regularly used as a proxy for overt visual attention (Kellough, Beevers, Ellis, & Wells, 2008; Kimble, Fleming, Bandy, Kim, & Zambetti, 2011) , and are generally considered to be closely associated with the orienting of visual attention in normal circumstances (Deubel & Schneider, 1996; Hoang Duc, Bays, & Husain, 2008; Hoffmann, Traue, Limbrecht-Ecklundt, Walter, & Kessler, 2013) . Further, body size adaptation effects have been demonstrated to be high-level and largely nonretinotopic , and adaptation and test stimuli were presented at different sizes (Rhodes, Jeffery, Boeing, & Calder, 2013) , further reducing the likely influence of low-level retinotopic adaptation effects, and suggesting that visual attention and not low-level retinotopic aftereffects explain the results noted here (Rhodes, Jeffery, Clifford, & Leopold, 2007) .
Contrary to our second hypothesis, we found no significant change (and the effect size was very small) in BD between baseline and adaptation phases. One possible interpretation of this finding is that BSSM arising from visual aftereffects is associated with BD only given consistent, prolonged exposure over longer timescales than were used in the current study. A second possibility is that BD (concerning one's own body) is not affected by changes in the apparent adiposity of others' bodies. While previous research has shown that the body size aftereffect does transfer from other-to own-body Hummel et al., 2012) , it may be that visual inspection of one's own body is required for this effect to influence BD. Third, while body image distortion consists of both attitudinal (BD) and perceptual (BSSM) components, some early studies failed to find significant associations between the two (Thompson & Gardner, 2002) , suggesting that changes in the perceptual component may not necessarily be accompanied by changes in the attitudinal component.
More recently, it has been shown that increased rumination mediates the relationship between selective attention to thin bodies and BD (Dondzilo, Rieger, Palermo, Byrne, & Bell, 2017) and directing attention to thin idealised bodies does not increase rumination (Dondzilo et al., 2018) . Fourth, the BD scale used in the current study did not FIGURE 3 Point of subjective normality (left) and body dissatisfaction (right) by adaptation condition at baseline and adapted. Error bars show standard error of the mean. **p < .01, *p < .05 specify the timescale to which participants should respond (Thompson, 2004) . It may be that directing visual attention toward high or low adiposity bodies was associated with changes in state, but not trait, BD, and that our measure was unable to detect this change. Findings from several recent studies suggest that a substantial proportion of individuals who are classified as overweight or obese may underestimate their weight (Gunnare et al., 2013; Powell et al., 2010; Yaemsiri, Slining, & Agarwal, 2011) . This underestimation of body size is associated with an underestimation of cardiovascular risk and overestimation of personal health (Powell et al., 2010) . Further evidence suggests that women (Cho & Lee, 2013) , and particularly individuals with eating disorders such as anorexia nervosa, may preferentially direct attention toward low adiposity bodies (Pinhas et al., 2014) , and overestimate their own body size (Cornelissen, McCarty, Cornelissen, & Tovée, 2017) . The current findings may have implications for clinical practice. For example, interventions designed to redirect individuals' attention to more representative bodies may be beneficial in reducing BSSM in those who overestimate or underestimate their body weight.
It has previously been shown that body size adaptation effects can be induced in both adiposity and muscle dimensions independently (Sturman et al., 2017) . There is increasing awareness that a significant proportion of young men desire a more muscular physique (Mitchison & Mond, 2015) , and it has recently been shown that men at high risk of muscle dysmorphia show an attentional bias toward muscular bodies (Jin et al., 2018) . However, the current study investigated only perceptions of high versus low adiposity bodies, and only in women. While this was appropriate for an initial investigation, given that BSSM and BD are particularly common among women (Mond et al., 2013) , future studies should seek to establish a role for visual attention in BSSM in men, including misperception of muscularity.
In conclusion, the distribution of visual attention toward low versus high adiposity bodies affects the direction and magnitude of the body size adaptation effect, but was not found to influence BD. This suggests that interventions aimed at encouraging people with BSSM (such as those with anorexia nervosa, or people classified as obese who see themselves as smaller than they are) to direct their visual attention toward a more representative collection of bodies may help to reduce BSSM (but perhaps not BD) and form a part of their treatment.
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